Beer tapping" is a well known prank where a bottle of carbonised liquid strikes another bottle of carbonised liquid from above, with the usual result that the lower bottle foams over whereas the upper one does not. Though the physics leading to the foaming process in the lower bottle has been investigated and well documented, no explanation to date has been provided why the upper bottle produces little to no foam. In this article we describe the reasons for the entirely different behaviours of the two bottles.
Introduction
Recently it was shown in [1, 2] why a bottle of supersaturated carbonised liquid foams over, after being struck from above by another bottle, usually also containing supersaturated liquid. I.e. the gas in the liquid expands and the ensuing foam rises and spills over the container. The beerdrinking community is well versed in such a phenomenon. Such an event, usually performed as a prank, is called 'beer tapping'. Here the victim of the prank holds an open beer bottle, while a prankster strikes the top of the beer bottle with the bottom of their own (open) beer bottle. The beer in the lower bottle then foams over the opening and onto the victim's hands, hopefully eliciting some good-natured laughs. The physics dictating the foaming of the beer is well described in [1] and we provide a cursory explanation in section 2 closely following the aforementioned article.
Missing from [1, 2] is an explanation for why the prankster leaves the scene relatively unscathed and dry. They also hold an open beer bottle, which they use to strike the victim's bottle, yet little to no foam exits their bottle. This outcome is also easily described using the methods of [1] , and is the subject of this article.
The physics of foaming
The most important stages of beer tapping are as follows. The initial shock due to the "tap" induces oscillations of the radius R of small bubbles already existing in the liquid. These oscillations are driven by the shock pressure p S (t) and follow, to a good approximation, the Rayleigh-Plessetequation [3] ρRR + 3 2
where R 0 ≈ 180 µm is the typical size of the initial radius of the bubble, ρ = 10 3 kg/m 3 the density of water, p 0 = 10 5 Pa the ambient pressure, σ = 0.0434 N/m the surface tension between CO 2 and water, γ = 1.304 the heat capacity ratio of CO 2 and µ = 10 −3 kg/m/s the liquid viscosity.
When reaching the first minimum in radial size after t min ≈ 0.15 ms the bubbles in the lower bottle collapse [4] according to the model of Brennen [5] into about N fragments of nearly equal size, where
Each initial bubble, therefore, forms a cloud of N smaller bubbles, where typically N ∼ 10 6 . A thus increased number of bubbles leads to a larger interface area between gas and liquid. This leads to the second stage where the gas within the liquid diffuses into the bubbles of each cloud. The volume of the cloud formed by the bubbles grows in square-root time √ t [6] for about the next 10 ms.
Finally, during the last stage, the cloud of bubbles becomes so large that it quickly rises up because of its buoyancy. As it moves, it collects even more gas, which in turn further increases the sizes of the bubbles. Cloud growth now scales as t 2 and the cloud takes a form reminiscent of a mushroom cloud from a nuclear explosion (see the illuminating figures in [7] ). If enough large clouds have been formed, the liquid foams over at approximately 0.5 s after the "tap".
The interested reader may find a more detailed physical explanation of the foaming process, as well as many interesting phenomena appearing in carbonised beverages, in reference [7] .
Comparison of upper and lower bottle
The last two stages do neither depend on the bottle position, nor on the position of a bubble in the bottle. Thus it is sufficient to investigate the collapse of a single bubble at a fixed position in order to understand why the upper bottle (which we now label as U) does not react as vehemently as the lower bottle (now labelled L). Indeed, it is this inequality between the two bottles which makes the prank attractive in the first place.
Initial pressure
To do so we first have to understand the time evolution of the shock wave. The pressure induced by the "tap" can be modelled by a damped oscillation
where p A is the initial amplitude set by the strength of the "tap", T = 0.24 ms [1] and t represents the time since the shock first reached the bubble. It turns out that the shock wave will lose most of its intensity through the reflection at the fluid's surface (implying that the damping does not behave as smoothly as modelled in reality) and not while travelling in the fluid [1] . Thus we expect a damping in the order τ ≈ 2T , i.e. the time needed to reach the surface and be reflected. However we will find that the damping does not have significant influence on the qualitative behaviour of the foaming. The difference between bottles U and L now is only the sign of p A , where p A > 0 in U and p A < 0 in L. This means that bubbles in bottle U are compressed by the shock and oscillate moderately, whereas bubbles in bottle L first expand and then collapse violently. This can be observed in figure 1 where we plotted the time evolution of equation (1) . The solution of this ordinary differential equation is numerically not challenging and has been performed by the classical Runge-Kutta 4 method. Measurements performed in [1, 2] show good agreement with the numerical predictions for different initial conditions. 
Bubble collapse
The collapse of the oscillating bubbles is described by the model of Brennen [5] according to which the most unstable mode
is mainly responsible for the bubble collapse at the first local minimum into N ≈ n 3 m fragments. At the same time, n m gives the factor by which the total surface area of all fragments surpasses the surface area of the original bubble. As this area is proportional to the amount of CO 2 entering the bubbles by diffusion, n m is also a direct indicator for the intensity of the foam formation.
We calculated n m for different initial pressures and damping strengths. The results can be found in figure 2. We observe that the most unstable mode grows in both bottles with increasing hit strength. 1 However, as long as the damping is not extremely large, n m grows very fast for decreasing p A in bottle L (−p 0 < p A < 0, the lower bound is needed because no pressure below zero, i.e. vacuum, is possible), but only slowly for increasing p A in bottle U (0 < p A ). In [1] n m ≈ 100 is observed. This means that the damping is quite small in reality and τ 2T .
We cannot determine the damping quantitatively, but we do not have to, either. It is sufficient to observe that for any realistic damping, n m can be an order of magnitude larger in bottle L than in bottle U. The only requirement for this to be the case is such a strong "tapping" that p A ≈ −p 0 .
Obviously the pressure in bottle U is not limited from above, so an extremely strong hit can produce p A ≫ p 0 and cause the upper bottle to foam over as well. But such a brute force "tap" is not of high interest and can incur damage to the bottles. 
Summary
Although the precise physics of beer tapping including fluid dynamics are quite complicated, it can easily be understood why the lower bottle L foams over while the upper one U (usually) does not. The "tap" creates a low pressure in bottle L which causes existing bubbles of CO 2 to expand and then collapse into many fragments. The subsequent CO 2 -liquid interface grows and this in turn causes more gas to diffuse into the bubble cluster. It rises upwards and creates the foam. In bottle U the high initial pressure induces only moderate bubble oscillations such that the collapse does not happen or, if it does, it does so not as violently. Either way, there is no rapid cloud growth and the prankster leaves the scene dry.
